Increases brain size has been hypothesized to be inversely associated with the expression of behavioral and brain asymmetries within and between species. We tested this hypothesis by analyzing the relation between asymmetries in the planum temporale (PT) and different measures of the corpus callosum (CC) including surface area, streamline count as measured from diffusion tensor imaging, fractional anisotropy values and the ratio in the number of fibers to surface area in a sample of chimpanzees. We found that chimpanzees with larger PT asymmetries in absolute terms had smaller CC surface areas, fewer streamlines and a smaller ratio of fibers to surface area. These results were largely specific to male but not female chimpanzees. Our results partially support the hypothesis that brain asymmetries are linked to variation in corpus callosum morphology, although these associations may be sex-dependent.
a b s t r a c t
Increases brain size has been hypothesized to be inversely associated with the expression of behavioral and brain asymmetries within and between species. We tested this hypothesis by analyzing the relation between asymmetries in the planum temporale (PT) and different measures of the corpus callosum (CC) including surface area, streamline count as measured from diffusion tensor imaging, fractional anisotropy values and the ratio in the number of fibers to surface area in a sample of chimpanzees. We found that chimpanzees with larger PT asymmetries in absolute terms had smaller CC surface areas, fewer streamlines and a smaller ratio of fibers to surface area. These results were largely specific to male but not female chimpanzees. Our results partially support the hypothesis that brain asymmetries are linked to variation in corpus callosum morphology, although these associations may be sex-dependent.
& 2016 Elsevier Ltd. All rights reserved.
Introduction
The corpus callosum (CC) is the major white matter tract connecting the left and right cerebral hemispheres (Pandya and Seltzer, 1986; Tomasch, 1954) . The size of the CC, after adjustment for brain size, has been hypothesized to play a role in both withinand between-species variation in behavioral and brain asymmetries (Hanggi, Fovenyi, Liem, Meyer, and Jancke, 2014; Jancke and Steinmetz, 1996) . Specifically, comparative studies have shown that the size of the CC did not keep pace with changes in total brain size during mammalian and, specifically primate evolution (Oliveras et al., 2001; Rilling and Insel, 1999) . That is to say, as brain size increased, the size of the CC did not keep pace and therefore animals with larger brains have relatively small CC surface areas. The consequence of a smaller CC surface area is that the interhemispheric transmission time between homotopically connected regions increases which places constraints on interhemispheric synchronization and transmission time (Aboitiz et al., 2003; Ringo et al., 1994) . Thus, over evolutionary time, there was selection for increased intra-rather than interhemispheric connectivity in primate brains (Hopkins and Cantalupo, 2008; Rilling and Insel, 1999) . A similar argument has been made with respect to individual differences in brain asymmetry in relation to CC size within species, notably humans. For instance, Hanggi et al. have hypothesized that the ratio of inter-to intra-hemispheric connectivity is inversely associated with brain size in humans. Further, several studies have shown that individual differences in either anatomical or functional asymmetries are inversely correlated with adjusted corpus callosum size or fiber number (see Nowicka and Tacikowski (2011) for review).
In the current study, we examined the relationship between individual variation in asymmetries in the planum temporale (PT) and variation in CC surface area in a sample of chimpanzees. The PT is the flat bank of tissue that lies posterior to Heschl's gyrus and overlaps with Wernicke's area, a region historically linked to speech comprehension, among other functions (Dorsaint-Pierre et al., 2006; Galaburda 1984; Galaburda et al., 1987; Galaburda and Sanides, 1980; Goulven and Tzourio-mazoyer, 2004; Josse, Mazoyer, Crivello and Tzourio-Mazoyer, 2003; Shapleske et al., 1999; Vadlamudi et al., 2006; Xu et al., 2006 
